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ABSTRACT  
Thirty five half-sib families of Eucalyptus camaldulensis were used in 
this study.  Seeds were planted in four replications; tow levels of 
compound fertilizer (zero and 4 g per bag) and tow irrigation regimes 
(once every three and six day) were applied.  Twelve variables were 
measured and calculated; wood basic density at height 10 cm and 50 cm 
above the ground, fiber length, fiber diameter, fiber lumen diameter, 
double wall thickness, Runkle ratio, slenderness ratio, coefficient of 
suppleness, volume of fiber and number of fiber per cubic centimeter.  
Significant differences in wood basic density at ten centimeter and at fifty 
centimeter (p=0.01) and the arithmetic mean, fiber length, fiber diameter, 
fiber lumen diameter, Runkle ratio, slenderness ratio, coefficient 
suppleness, volume of fiber and number of fiber per cm3 among half-sib 
families were found.  While the double wall thickness significantly were 
not different. 
Fertilization and irrigation had no significant effect on all variables 
except the basic density at ten centimeter which significantly was affected 
by fertilization and interaction of fertilization and irrigation. It was 
smaller when fertilized than non-fertilized and when seedlings were 
irrigated every three days than six days. 
There are significant differences of the interaction of half-sib families 
with fertilization in basic density at ten centimeter, fiber lumen diameter, 
Runkle ratio and coefficient suppleness. 
The results of heritability indicate that basic density at ten centimeter has 
the lowest value of heritability and the volume of fiber has the highest 
one. 
 
 
 
 ﻣﻠﺨﺺ اﻟﺪراﺳﺔ
ﺗﻤﺖ زراﻋﺔ اﻟﺒﺬور ﻋﻠﻰ أرﺑﻌѧﺔ .  ن ﻋﺎﺋﻠﺔ ﻣﻦ اﻟﺒﺎن آﻤﺎل ﻓﻲ هﺬﻩ اﻟﺪراﺳﺔ ﺗﻢ اﺳﺘﺨﺪام ﺧﻤﺴﺔ وﺛﻼﺛﻮ 
آﻤѧﺎ ﺗѧﻢ ،  ﺟѧﺮام ﻟﻠﻜѧﻴﺲ ﺳѧﻤﺎد ﻣﺮآѧﺐ 4ﺑѧﺪون ﺳѧﻤﺎد و ) واﺳѧﺘﺨﺪم ﻣѧﺴﺘﻮﻳﺎن ﻣѧﻦ اﻟﺘѧﺴﻤﻴﺪ ، ﻣﻜѧﺮرات 
آﺜﺎﻓѧﺔ : ﺗﻢ ﻗﻴѧﺎس اﺛﻨѧﺎ ﻋѧﺸﺮ ﻣﺘﻐﻴѧﺮ وهѧﻲ (. ﻣﺮة آﻞ ﺛﻼﺛﺔ أﻳﺎم وآﻞ ﺳﺘﺔ أﻳﺎم )اﺳﺘﺨﺪام ﻣﻮﻋﺪﻳﻦ ﻟﻠﺮي 
 ﺳﻢ ﻓѧﻮق ﺳѧﻄﺢ اﻷرض وﻣﺘﻮﺳѧﻂ اﻟﻘﻴﻤﺘѧﻴﻦ 05ارﺗﻔﺎع  ﺳﻢ وﻋﻠﻰ 01اﻟﺨﺸﺐ اﻷﺳﺎﺳﻴﺔ ﻋﻠﻰ ارﺗﻔﺎع 
وﻃﻮل اﻷﻟﻴﺎف وﻗﻄﺮهﺎ وﻗﻄﺮ اﻟﺘﺠﻮﻳﻒ اﻟﺪاﺧﻠﻲ ﻟﻬﺎ وﺳﻤﻚ ﺟﺪار اﻷﻟﻴѧﺎف وﺣﺠѧﻢ اﻷﻟﻴѧﺎف وﻋѧﺪدهﺎ 
 ,oitar elknuR(ﻓﻲ اﻟѧﺴﻨﺘﻴﻤﺘﺮ اﻟﻤﻜﻌѧﺐ اﻟﻮاﺣѧﺪ وآѧﻞ ﻣѧﻦ اﻟﻤﻌѧﺎﻣﻼت اﻟﺘﺎﻟﻴѧﺔ اﻟﺨﺎﺻѧﺔ ﺑﺎﻷﻟﻴѧﺎف   
   )ssenelppus tneiciffeoc ,oitar ssenrednels
آﺜﺎﻓѧﺔ : أﻇﻬﺮت اﻟﺪراﺳﺔ أن هﻨﺎك ﻓﺮوﻗﺎت ﻣﻌﻨﻮﻳﺔ ﻋﺎﻟﻴﺔ ﺑﻴﻦ اﻟﻌﻮاﺋﻞ ﻓѧﻲ آѧﻞ ﻣѧﻦ اﻟﻤﺘﻐﻴѧﺮات اﻟﺘﺎﻟﻴѧﺔ 
اﻟﺨѧﺸﺐ اﻟﻘﺎﻋﺪﻳѧﺔ ﻋﻠѧﻰ ارﺗﻔѧﺎع ﻋѧﺸﺮة ﺳѧﻨﺘﻴﻤﺘﺮات وارﺗﻔѧﺎع ﺧﻤѧﺴﻴﻦ ﺳѧﻨﺘﻴﻤﺘﺮا واﻟﻤﺘﻮﺳѧﻂ اﻟﺤѧﺴﺎﺑﻲ 
وآﺬﻟﻚ ﺑﺎﻟﻨﺴﺒﺔ ﻟﻄﻮل اﻷﻟﻴﺎف وﻗﻄﺮهﺎ وﻗﻄﺮ اﻟﺘﺠﻮﻳﻒ وﺣﺠﻢ اﻷﻟﻴﺎف وﻋѧﺪدهﺎ ﻓѧﻲ اﻟѧﺴﻨﺘﻴﻤﺘﺮ ، ﻟﻬﻤﺎ
  .   ﺑﻴﻨﻤﺎ ﻟﻢ ﺗﻜﻦ هﻨﺎك ﻓﺮوﻗﺎت ﻣﻌﻨﻮﻳﺔ ﺑﺎﻟﻨﺴﺒﺔ ﻟﺴﻤﻚ ﺟﺪار اﻷﻟﻴﺎف، ﻟﻤﻜﻌﺐا
آﻤﺎ أﻇﻬﺮت اﻟﺪراﺳﺔ أﻧﻪ ﻟѧﻢ ﻳﻜѧﻦ هﻨѧﺎك ﺗѧﺄﺛﻴﺮ ﻣﻌﻨѧﻮي ﻻﺳѧﺘﺨﺪام اﻟѧﺴﻤﺎد أو اﻟѧﺮي ﻋﻠѧﻰ أي ﻣѧﻦ هѧﺬﻩ 
اﻟѧﺼﻔﺎت ﻣﺎﻋѧﺪا آﺜﺎﻓѧﺔ اﻟﺨѧﺸﺐ اﻷﺳﺎﺳѧﻴﺔ ﻋﻠѧﻰ ارﺗﻔѧﺎع ﻋѧﺸﺮة ﺳѧﻨﺘﻴﻤﺘﺮات ﺣﻴѧﺚ آﺎﻧѧﺖ اﻟﻔѧﺮو ﻗѧﺎت 
ﻠﻔﺔ ﺑﺎﻟﻨﺴﺒﺔ ﻻﺳﺘﺨﺪام اﻟﺴﻤﺎد وآﺎﻧﺖ اﻟﻘﻴﻢ أﻋﻠﻰ ﻋﻨﺪﻣﺎ ﻟﻢ ﺗﺘﻢ إﺿﺎﻓﺔ اﻟѧﺴﻤﺎد ﻣﻌﻨﻮﻳﺔ ﺑﻴﻦ اﻟﻌﻮاﺋﻞ اﻟﻤﺨﺘ 
وآﺬﻟﻚ اﻷﻣﺮ ﺑﺎﻟﻨﺴﺒﺔ ﻻﺧﺘﻼف اﻟﻔﺘﺮة اﻟﻔﺎﺻﻠﺔ ﺑﻴﻦ اﻟﺮﻳﺎت ﻓﻠﻢ ﺗﻮﺟѧﺪ ﻓﺮوﻗѧﺎت .  ﻣﻨﻬﻤﺎ ﻋﻨﺪﻣﺎ أﺿﻴﻒ 
آﻤѧﺎ أﻇﻬѧﺮت اﻟﺪراﺳѧﺔ وﺟѧﻮد ﻓﺮوﻗѧﺎت ﻣﻌﻨﻮﻳѧﺔ ﻟﻸﺛѧﺮ اﻟﻤﺘﺒѧﺎدل ﺑѧﻴﻦ . ﻣﻌﻨﻮﻳѧﺔ ﻷي ﻣѧﻦ هѧﺬﻩ اﻟѧﺼﻔﺎت
ﻠѧﻰ آﺜﺎﻓѧﺔ اﻟﺨѧﺸﺐ اﻟﻘﺎﻋﺪﻳѧﺔ ﻋﻠѧﻰ ارﺗﻔѧﺎع ﻋѧﺸﺮة ﺳѧﻨﺘﻴﻤﺘﺮات ﻣﻤѧﺎ ﻳﻌﻨѧﻲ أن اﻟﻌﻮاﺋѧﻞ اﻟﺴﻤﺎد واﻟﺮي ﻋ 
ﺑﻴﻨﻤѧﺎ ﻟѧﻢ ﺗﻮﺟѧﺪ أﻳѧﺔ .  ﺿﻤﻦ آﻞ ﻣﺴﺘﻮى ﻣﻦ اﻟﺴﻤﺎد ﺗﺨﺘﻠﻒ وﻓﻘﺎ ﻟﻠﻔﺘﺮة اﻟﺰﻣﻨﻴﺔ اﻟﻔﺎﺻﻠﺔ ﻟﺘﻄﺒﻴﻖ اﻟﺮي 
  .ﻓﺮوﻗﺎت ﺑﺎﻟﻨﺴﺒﺔ ﻟﺒﻘﻴﺔ اﻟﺼﻔﺎت اﻟﻤﺪروﺳﺔ
ﺛѧﺮ اﻟﻤﺘﺒѧﺎدل ﻟﻠﻌﺎﺋﻠѧﺔ ﻣѧﻊ اﻟѧﺴﻤﺎد آﻤﺎ أﻇﻬﺮت اﻟﺪراﺳﺔ وﺟﻮد ﻓﺮوﻗﺎت ﻣﻌﻨﻮﻳﺔ ﺑﻴﻦ اﻟﻌﻮاﺋﻞ ﺑﺎﻟﻨѧﺴﺒﺔ ﻟﻸ 
 elknuRﺑﺎﻟﻨﺴﺒﺔ ﻟﻜﻞ ﻣﻦ آﺜﺎﻓﺔ اﻟﺨﺸﺐ ﻋﻠﻰ ارﺗﻔﺎع ﻋﺸﺮة ﺳѧﻨﺘﻴﻤﺘﺮات وﻗﻄѧﺮ ﺗﺠﻮﻳѧﻒ اﻷﻟﻴѧﺎف و 
ﻣﻤѧﺎ ﻳѧﺸﻴﺮ إﻟѧﻰ اﺧѧﺘﻼف اﻟﻌﻮاﺋѧﻞ ﺑѧﺸﻜﻞ ﻓѧﺮدي ﻓѧﻲ اﻟﺘﻌﺒﻴѧﺮ ، ssenelppus tneiciffeoc و oitar
  .ﻋﻦ ﻣﻜﻨﻮﻧﻬﺎ اﻟﻮراﺛﻲ ﺑﻮﺟﻮد اﻟﺴﻤﺎد أو ﻏﻴﺎﺑﻪ
 ﺳѧﻢ وأآﺒѧﺮ ﻗﻴﻤѧﺔ ﻟѧﻪ 01ﻳﺚ ﻓﻘﺪ آﺎﻧﺖ أﻗﻞ ﻗﻴﻤﺔ ﻟﻪ ﻟﻜﺜﺎﻓﺔ اﻟﺨﺸﺐ ﻋﻠѧﻰ ارﺗﻔѧﺎع أﻣﺎ ﻧﺘﺎﺋﺞ ﻣﻌﺎﻣﻞ اﻟﺘﻮر 
 .  ﻟﺤﺠﻢ اﻷﻟﻴﺎف
 
CHAPTER І 
INTRODUCTION 
Plantations are generally defined according to the extent of human 
intervention in forest's establishment and/or management.  It is estimated 
that industrial wood plantations currently provide nearly 25% of the 
world's industrial roundwood supply (Brown 1998).  The plantations, that 
are utilized under extensive-management and short-rotation, are 
increasing in significance worldwide, and are likely to become more 
important in the next century (Sedjo and Botkin 1997). 
With increasing economic pressure on forest industries to improve the 
profitability and growing demand for fiber, maximum productivity is 
constantly being pursued world-wide throw increasing growth rate, 
shorter rotation times and caused to double plantation area in developed 
world between (1980-1995), and it is expected to double again by 2010 
(FAO 1997).  Over the next 20 years, expected demand for hardwood 
may increase to 30% as a result of protection of the tropical rainforest and 
preference for wood products from certified sustainable forests (Apsey 
and Reed 1996).  short-rotation woody crops may be a critical future 
source for biofuels (Wright 1994).   
In recent years, the emphasis of forest management has shifted from 
maximum volume towards managing the plantation in order to provide 
adequate quantities of fibers with properties appropriate to the 
manufacturing process and the final product.  The ability of any 
management strategy to achieve this goal depends on the understanding 
of the factors that determine the properties of the fibers (Curtis and Carey 
1996; Harvett 2001; Turner et al 2001).     
Forest managers have access to a number of tools to manipulate and 
predict growth and wood quality (Harvett 2001; Turner et al 2001).  The 
practices used to grow short-rotation woody crops include selection of 
superior genetic material, intensive site preparation, competition and pest 
control, irrigation, and fertilization (Borders and Bailey 2001).  Properties 
of wood produced under silvicultural practices may differ from normal 
conditions.  The silvicultural practices aim to produce larger quantities of 
wood, but it may result to produce undesirable quality of wood.  To 
determine the suitable practice applied in plantations, the effect of 
fertilization, irrigation and thinning on wood quantities and qualities must 
be understood (Erickson and Lambert 1958; Gooding and Smith 1971 and 
Parker et al 1976).  Foresters and users of wood have long been 
concerned over the effects of fertilizer and water application on wood 
quality (Haygreen and Bowyer 1989). 
The variation patterns in wood of existing wild populations of forest trees 
can be grouped into: variation within trees, variation between trees, 
variation between sites and variation between geographic origins (Zobel 
1961). 
Basic density and pulp yield both depend upon many different wood 
properties; fiber diameter, fiber wall thickness and the proportion of non-
fibrous cell types occurring in wood (Sandercock et al 1994).  The 
latewood in trees of temperature climate, which has cells with thicker 
walls and smaller cavities, is denser, harder, smother and darker than 
earlywood.  For some species the density differences are not very great; 
others have large differences in density between latewood and earlywood 
(Jourdain et al 1999).  
It is often difficult to identify the underlying causes of variability in wood 
properties (McKenize 1994).  The relationship between wood quality and 
growth rate is very important and at the same time very complicated 
because of many factors (age, genotype and growing conditions) that 
affect both wood and growth (Larson 1962).  This relation has been much 
studied and it is confused in the results which are contradictory, and the 
literature is voluminous for temperate and exotic species and limited 
information is available for tropical hard wood (Zobel and Talbert 1984). 
Genus Eucalyptus is a popular plantation species (14 million ha) for its 
rapid growth, wood and fiber quality, and ability to grow well on a wide 
range of sites and because many countries were established eucalypts 
plantation on deforested land (Chippendale and Wolf 1981; Hubbard et al 
2004).  There is an increasing interest in trying to understand the extent 
that practices designed to increase yield changed fiber properties and the 
extent to which improvement in fiber quality might be achieved by 
genetic and silvicultural management (McKenize 1994). 
Wood basic density and pulp yield have been the most common 
properties used to assess the quality of eucalypt pulpwood (Sandercock et 
al 1994).     
Eucalypt plantations have traditionally focused on the production of 
firewood, charcoal and pulpwood, but with genetic improvement are 
increasingly recognized as a resource for quality, higher value solid 
reconstituted wood products (IUFRO 2000).  The management of 
nutrition and irrigation should improve commercial biomass yields for 
use of eucalypts as energy source (Standiford et al 1982).  
Genotype exerts a strong influence on a number of wood properties in 
most forest species and the tree breeding programs have had great success 
in improving the wood quality (Denison 2001). 
Wood density is an important wood property for both solid and fiber 
products in both conifers and hardwoods (deGuth 1980).  It has a 
significant effect on the quality and yield of pulp and paper products and 
on strength and utility of solid wood products.  It is the most important 
within species wood characteristic because knowledge about it allows the 
prediction of a greater number of properties than any other trait (Bowyer 
and Smith 1998).   
Fibers give strength to solid products and are the principal component of 
paper and other products derived from pulp (MC Millin and Manwiller 
1980).  Fiber length has an effect upon a number of pulp and paper 
properties, including tear resistance and tensile, fold, and burst strength.  
In most cases, long lengths are desirable (Haygreen and Bowyer 1989). 
The main objective of this study was: 
To study the extent genetic variation of in wood density and fiber 
characteristics among half-sib families. 
And the specific objectives were:    
- To study the effect of half-sib family (genetic variation).  
- To study the effect of fertilization. 
- To study effect of irrigation. 
- To study effect interactions among half-sib family, 
fertilization and irrigation. 
CHAPTER II 
LITERATURE REVEIW 
INTRODUCTION 
Between 1788 and the beginning of the 19th century several species of 
Eucalyptus were named and published.  Most of these were by the 
English botanist, James Edward Smith and most were trees of Sydney 
region.  The 19th century was a period of extensive land exploration.  This 
resulted in the discovery of many new Eucalyptus species and their 
subsequent naming by several of great botanists in Australian history, 
particularly Ferdinand Von Muller, whose work on Eucalyptus 
contributed greatly to the first comprehensive account of the genus in 
George Bentham's, still the only complete Australian Flora Systematic 
treatment of the genus Eucalyptus (Bentham 1867) http://anbg.au/cpbr/cd-
keys/Euclid/sample/Html/History.htm.   
Eucalypts species are the essence of Australian Flora.  Their ranges extent 
from sub-alpine areas to wet coastal forests, temperate woodland and arid 
inland.  In fact, the only major environment, where Eucalyptus are absent, 
is rain forests.  There are about 12 species which occur naturally outside 
of Australia but around 700 are Australian endemics.  Only two species 
are not found in Australia (Bentham 1867) http://anbg.au/cpbr/cd-
keys/Euclid/sample/Html/History.htm.    
CLASSIFICATION OF THE GENUS EUCALYPTUS  
The genus Eucalyptus belongs to the family Myrtaceae of the order 
Myrtals of the subclass Rosidae of the class Magnoliopsida of the 
superclass Magnoliophyta of the phylum Embryophyta of the 
subkingdom Streptophyta of the kingdom Viridiplantae of the 
superkingdom Eukaryota 
http://www.mobot.org/MOBOT/Research/APweb/top/search.html.  
In 2000, formal classification of the genus had been published, which is 
synthesis in the form of an updated taxonomy to accommodate the 
numerous taxa published since Chippendale's 1988 treatment.  While 
based conceptually on work of Pryor and Johnson, it recognizes 13 
subgenera and assigns all species known to the year 2000 to a hierarchical 
of system of subgenera, sections, subsections, series, subseries and 
supraspecies.  Six of those subgenera consist of a single species.  Each of 
the remaining seven polytypic subgenera consists of many species 
(Brooker 2000). 
EUCALYPTUS CAMALDULENSIS 
As recently recognized, Eucalyptus camaldulensis comprise two varieties 
and one subspecies; E. camaldulensis var. camaldulensis has primarily a 
temperate distribution in the Murray-Darling River system extending 
from southern Queensland too Victoria, E. camaldulensis var. obtusa 
comprise all other populations occurring outside the Murray-Darling 
Basin.  It has an extensive distribution primarily throughout tropical and 
subtropical Australia, and E. camaldulensis subsp. Simulata (Brooker 
2000).   
DISTRIBUTION OF EUCALYPTUS  
The most southerly occurrence of Eucalypts  is in southern Tasmania in 
about latitude 43º S, beyond this, there is little land before Antarctica and 
the speak that is Maquarie Island in latitude 55º S, which is politically 
part of Tasmania and therefore in that sense Australia's southern-most 
part, is without woody plants and certainly have no Eucalypts.  The 
species in Tasmania are for the most part also on the Australia mainland 
(Brooker and Slee 1996).   
Eucalyptus camaldulensis is found over most of the Australian mainland, 
except southern Western Australia, south-western South Australia and the 
eastern coastal areas of Queensland, New South Wales and Victoria 
(Chippendale 1988).  Brooker and Slee (1996) noted that the species is 
widespread along rivers of all continental Australia.  Eucalyptus 
camaldulensis commonly grows on riverine sites, whether of permanent 
or seasonal water (Brooker et al 2002).  
BOTANICAL CHARACTERISTICS OF EUCALYPTS  
Eucalypts are evergreen woody plants.  Most species are forest trees of 
30-50 m in height; others are wood land trees 10-35 m high, while thirty 
to forty species have a distinctive form called Mallee which is 
characterized by having several stems from a common underground 
woody stock (Proyr 1976).  Each Eucalypts is distinguished by general 
habit and dimension: its bark in the adult stage, seedling, juvenile and 
adult leaves and sometimes transitional leaves known "intermediate 
leaves", inflorescences, bud shape, stamens, fruits and seeds (FAO 1981). 
LEAVES AND BUDS  
The general type of adult leaves, which are found in the majority of 
species, is a petiolate leaf, falcate lanceolate in the shape and much the 
same in appearance on both surfaces (Pryor 1976).  The leaves are usually 
coriaceous, often thick, stiff, highly cutinized and rich in sclerenchyma.  
They are usually alternative, only in few species are they opposite or sub-
opposite.  Dimensions vary considerably, in same species, and sometimes 
on the same tree (FAO 1981). 
Juvenile leaves, which are found in a nursery seedling, are common in the 
forest when shoots develop from lignotubers or from the "reversion 
shoots", which develop on most Eucalypts trunks following serious 
damage by fire or other factors (FAO 1981).  The juvenile leaves are 
interesting from several view point; they are particularly useful in precise 
species diagnosis (Pryor 1976). 
In the axial of each leaf there are always originally two buds; one is 
called a naked bud which develop in an ordinary growing season, second 
bud, which is dormant and covered by petiolar and auxiliary tissue, does 
not develop ordinarily to form leafy shoot in the first growing season; its 
growth resume in the following seasons to produce the new shoots from 
concealed bud (Pryor 1976).  
Lignotubers, usual feature in Eucalyptus, has been shown to consist of 
mass of vegetative buds and associated vascular tissue and to contain 
substantial food reserves.  If the top of seedling, which has developed a 
lignotuber, is for some reason destroyed, growth is vigorously renewed 
by development of new shoots from the lignotuber (Pryor 1976; FAO 
1981). 
STEM FEATURES  
Eucalypts are notable for the high proportion of species which have 
decorticating bark which results in smooth stems often white and light 
colored appearance.  The bark on young branches of mature trees is 
smoothed while on the lower part of the trunk, the rhytidome become 
more or less persistent and deeply furrowed (FAO 1981). 
 
 FLORAL MORPHOLOGY  
The Eucalypts flowers are distinguished by the presence of an operculum 
which is covering the reproductive organs.  The cap is shed at anthesis 
and vital reproductive processes subsequently are set in motion (Pryor 
1976).  The flower color varies from white, cream, pink, yellow and red 
depending upon the species.  There are two types of Eucalypts flowering; 
one which flowers once a year and other which flowers most of the year 
(Santos 1997). 
FRUITS AND SEEDS  
The fruit is formed by development the hypanthium and of lower ovary 
adhering to it.  The upper part of fruit consists of four segments.  The scar 
left by the operculum after shedding forms an outside ring called the 
calycine ring.  Bellow and inside the disc is the upper part of the ovary 
which, on maturity, splits and separates into valves (FAO 1981). 
The fully development seeds in any individual fruit are quite small under 
natural conditions.  The ripe seeds will ordinarily germinate within a few 
days if exposed to outside condition of temperature and moisture (Pryor 
1976).  Eucalypts seeds vary greatly in size from less than 1 mm to more 
than 2 cm, in color, from black to yellow, in shape, from almost spherical 
to cubic, and in sculpture, from slowly reticulate to deeply pit (FAO 
1981). 
MORPHOLOGICAL CHARACTERISTICS OF EUCALYPTUS CAMALDULENSIS 
Eucalyptus camaldulensis (River Red Gum) is one of the best known of 
all Eucalyptus (Penford and willis 1961).  It is a medium sized tree 
usually branching not far above the ground.  It may reach 30-40 m in 
height with stout trunk often short and crooked.  The bark is smoothed 
white or grayish in color except near the base of the trunk where it is 
often rough.  The crown is open, widely spreading and irregular.  Twigs 
are reddish, long, slender, angled, drooping.  The trunk can form air roots.  
Root system is deep and spreading.  Leaves alternate, drooping, narrowly 
lanceolate, 8-22 cm long, 1-2 cm wide, often curved or sickle-shaped, 
tapering to long-pointed, short-pointed at base, entire glabrous, dull pale 
green on both surfaces or occasionally grayish (Brooker et al.  2002). 
Flowers range 5-10, each one slender stalk 5-12 mm long, 4-5 mm wide.  
Stamens many, thread like, white, 5-6 mm long with small round gland.  
Pistil with inferior, long-pointed, 3-4 celled ovary and long, stout style 
(Duke 1983).  Seed capsules about 60 mm diameter with protruding 
valves.  Seeds many, tiny, 1.5 mm long, light brown in color (James 
1983).   
ECOLOGICAL REQUIREMENTS 
CLIMATE  
For most Eucalypts species mild climate is the best where there are warm 
summer, temperate winters, moderate rainfall, dry atmosphere, and plenty 
of sunlight.  Generally, the tolerance temperature range is (15_100) º F/  
(-29_37.8)Cº.  Quick changes in temperature are stressful for Eucalypts 
especially the weak trees.  Occasionally, storms with heavy rainfall are 
better than frequent rain because sunlight is important for growth as well 
as moisture (Santos 1997). 
It was found that foliage on most Eucalypts trees were burned with the 
amount of tree damage being depending upon type of soil and wind.  Tree 
in loamy soil did better than those on sandy soil because it contained 
more moisture (Santos 1997). 
SOIL 
The perfect soil for most Eucalypts species is deep, well-drained loamy 
soil.  The chemical composition of the soil is important; large amounts of 
a harsh chemical will stunt and damage the tree.  The soil moisture 
content too is important because most Eucalypts species are depending 
upon massive amounts of water for their quick growth.  Ideal depth of 
water availability for most Eucalypts species is (8-10) feet/ (2.4-3) m 
below the surface.  Soil for Eucalypts needs to contain food elements 
such as potash, lime, magnesia, iron, phosphoric acid, and humus with 
high nitrogen content.  Eucalyptus roots can spread out to two feet/ (0.6) 
m laterally and sink 60 feet/ (18) m into the soil and there are species that 
can absorb alkali removing it from the soil (Santos 1997). 
WOOD PROPERTIES OF EUCALYPTUS  
The Eucalypts species are evergreen and many of them grow rapidly.  
Mostly erect in form, the tree is strong and usually slender.  It is an 
aggressive plant, which demand every vestige of sunlight, and suck up all 
moisture within their domain (Santos 1997).   
PHYSICAL PROPERTIES  
The color of the wood varies form white to dark brown depending upon 
the species with the heart wood and sapwood being distinguished among 
species.  The grain of the hardwood is similar to hickory or ash and is just 
as beautiful if handled correctly by the worker.  It propagates best from 
seed, and because of this there is no transfer of disease as would be the 
case with cuttings or seedling (Santos 1997). 
Hardness, strength, durability, and flexibility vary with each species.  
Generally, Eucalypts wood is very tough, and resists denting and tension.  
Strength tests done early this century revealed that there weren’t any 
differences between eucalypts and white oak and hickory (Santos 1997). 
Because Eucalypts use extreme amounts of water to meet its fast growth, 
the wood grains are few, and the texture is very dense.  Freshly cut 
Eucalypts wood will sink in water because of its weight.  After being 
dried, shrinkage of Eucalypts timber is (13.5%-34.6%) depending upon 
the species and environmental conditions (Santos 1997). 
FIBER MORPHOLOGY  
Fiber length is small and considred the shortest hardwood fiber one can 
have.  Average length can be as low as 0.65 mm.  Fiber coarsenesses (the 
weight of fibers dividing by it length) is low, again, it is the lowest of the 
common usual market pulp fiber.  Number of fiber per gram is high; this 
is a consequence of short fiber length and low coarseness; Common 
figures for Eucalypts are the range of 20 millions per gram.  Eucalypts 
fibers resist collapse; not only they are slender but their wall thickness is 
relatively high.  In other words, it is not easy to bring them flat like 
ribbon.  The internal architecture is also different: basic fiber wall 
components also called microfibrils show a low winding angle with fiber 
axis compared to other hardwoods (PNTS) 
http://aracruz.com.br/en/index.htm.  
An important anatomical feature of hardwood fibers suitable for paper 
making is the wall thickness.  Thick-walled fibers which are common in 
denser Eucalypts don’t in general give strong paper.  The fibers in the 
genus Eucalyptus are never very long and length varies from 0.6 to 1.4 
mm (FAO 1981). 
USES OF WOOD OF EUCALYPTS  
Eucaypts has more useful purposes than any tree on earth.  It provided 
forest cover for any terrain from mountains to swamps.  It gives shade 
and act as wind break.  It furnishes gum resin, oil and nectar, posts, and 
hard wood products (Santos 1997).   
The biggest single urge to plant eucalypts in large-scale plantation is 
provided by the demand for wood fiber for industry (Pryor 1976).  So, 
several countries already had used eucalypts plantation to furnish the raw 
material for the pulp industry (FAO 1981). 
In many part of the world, where there is a wood famine, timber for fuel 
and building poles is particularly important, several eucalypts species 
have provided much needed material of this kind (Pryor 1976). 
WOOD DENSITY   
Wood density is not a simple characteristic, that represents a complex 
effect of several growth and physiological variable compounded in to one 
fairly easily measured wood characteristic.  Wood density is an excellent 
index of the amount of wood substance contained in a dry piece of wood; 
it is a good indicator of strength properties of wood.  It has often been 
strongly related to the general quality of wood, and frequently correlated 
with pulp yield (Alemdage 1984).   
The term density and specific gravity (SG) are both used to describe the 
mass of material per unit volume such as pounds per cubic foot, grams 
per cubic centimeter, or kilograms per cubic meter (Haygreen and 
Bowyer 1989; Zobel and Jett 1995; Espinosa 2003).  Wood density and 
wood specific gravity both indicate the amount of actual wood substance 
present in a unit volume of wood (Zobel and Jett 1995). 
IMPORTANCE OF WOOD DENSITY 
Wood density is an important wood property for both solid and fiber 
products in both conifers and hardwoods (DeGuth 1980).  It has a 
significant effect on the quality and yield of pulp and paper products and 
on strength and utility of solid wood products.  It is the most important 
within species wood characteristic because knowledge about it allows the 
prediction of a greater number of properties than any other trait (Bowyer 
and Smith 1998). 
To the technologist, the specific gravity of wood is its single most 
important physical property.  It is the most important determinant of 
wood quality.  Wood density is general indicator of cell size and it is a 
good predictor of strength, stiffness, ease of drying, machining, hardness 
and various paper making properties (Bazier and Howell 1979, Panshin 
and DeZeeuw 1980).  An increase in its value can result in higher timber 
strength and a greater yield of pulp (Cown 1992; Malan et al. 1994; 
Haygreen and Bowyer 1996; Walker and Butterfield 1996; Bowyer and 
Smith 1998,). 
To the forester, wood density is of interest since it is known to be 
strongly influenced by growing condition of tree, thus providing a 
potential means of controlling the nature of raw material (Alemdage 
1984).  Wood density of trees is a critical factor in short rotation forestry, 
where the proportions of juvenile wood are relatively high (Malan et al. 
1994).  Wood density is also strongly inherited (Zobel and Talbert 1984). 
A major component of carbon storage is in the woody stem; estimates of 
total carbon can be gained from knowledge of the basic density of the 
wood contained in the stem and the total volume it occupies.  Wood 
density is a complex physical property since the tissue is made up of 
differing proportions of cells of variable size and chemical composition 
(Cave and Walker 1994; Blakemore et al. 2000).  
VARIATION OF WOOD DENSITY 
Wood density varies among species and is affected by many factors such 
as site, climate, geographic location and species.  Since many of these 
occur in combination and interactions of species with the environment, it 
is difficult to separate the independent effects (Haygreen and Bowyer 
1989; Blakemore et al. 2000). 
Wood density may be related to geographic races.  The northerly sources 
of Pinus banksiana has the highest specific gravity (King 1967).  Trees in 
costal provinces had lower wood density than those in inland ones 
(Wright 1990).  In contrast, the specific gravity of in Pinus virginiana 
wood was not affected by seed sources (Rink and Thor 1973). 
The range in density of the softwood timbers is much lower than that for 
the hardwood timbers, and equally as important, it is encompassed by that 
of the hardwoods (Desch 1981).  The variation pattern appear to be 
cylindrical symmetry in softwoods (radiata pine) resulting in a reduction 
in density with height, and to be more conical in hardwoods (eucalypt) 
with the interaction between radial and longitudinal variation allowing 
density to remain constant or increase with height (Downes et al. 1997).  
Within a species, Wood density has been found to vary with a number of 
factors including location in a tree, location within the range of the 
species, site conditions and genetic sources (Haygreen and Bowyer 1989).  
This variation is due to differences in anatomical structure; cell types, 
proportions of tissues type, the distribution of these cells within the wood 
and proportion of earlywood to latewood, and it may be influenced by 
concentration of extractives and the chemical composition of cell walls 
(Taylor 1973; Tsoumis 1969; McKenzie 1994).  However, woods of 
different species do not always differ in density (Tsoumis 1992).  Wood 
density can vary among provenances and is very variable among trees and 
within individual trees of a given provenance (Turner et al. 2001; Zobel 
and VanBuijtenen 1989; Wright et al. 1992).   
Each tree has its own characteristics wood density (O'Sullivan 1976).      
As a general rule, density varies in trees from pith to bark and from base 
to apex; it decrease from base to apex and increase from pith to bark with 
the rate and pattern dependent upon species, growth pattern and tree age.  
In other words, the heaviest wood is found at the base of trunk and there 
is gradual decrease toward the top (Desch 1981; Jozsa et al. 1989; 
Downes et al 1997; Blakemore et al. 2000; Gartner et al. 2001).  Petty et 
al. (1990) found that density in Sitka spruce to be relatively high near the 
pith, falling to a minimum further out and then gradually increasing with 
distance from the pith.  In contrast to Ward (1975) who found that density 
for spruce species does not markedly decrease with height in the stem, 
Harvald and Olesen (1987) found that basic wood density within the 
juvenile wood of Sitka spruce decrease with height in the stem. 
Wood density varies from earlywood to latewood tissue within each 
annual ring; latewood tissue is composed of cells of relatively small 
radial diameter with a thick wall and small lumen and therefore, has a 
higher density than thin walled earlywood cells with a larger cell lumen, 
and a tree with high-density earlywood will also have high-density 
latewood (Donaldson et al. 1995; Zobel and Jett 1995; Haygreen and 
Bowyer 1996).  Density of juvenile wood is low because there are 
relatively low proportions of latewood cells and a high proportion of cells 
have thin wall layers (Haygreen and Bowyer 1996).      
Many studies suggest that the location of crown affect the quality and 
quantity of wood produced along the bole in conifers (Sundberg et al. 
1993; Fabris 2000). 
Zamudio et al (2002) in study on genetic trends in wood density of 
radiata pine found that families with higher radial growth showed a 
tendency to produce wood with a lower density.  Stranger et al (2002) 
found in study on 25 provenances and 624 mother trees of Pinus batula 
that provenances were significantly different in wood density and it is 
under strong genetic control at the family. In loblolly pine, wide tree-to-
tree variation has been found for specific gravity (Dorman and Zobel 
1973).  In several poplar species and hybrids, Herpka (1990) found that 
specific gravity varied significantly among families and clones within 
families.  Raulo and Koski (1977) reported alarge variation in growth and 
stem quality, and Velling (1979) reported that wood density differs 
significantly between progenies among both open-pollinated and cross-
pollinated families of Betula pendula. In Pinus nigra subsp. pallasiana, 
there is not significant variation among populations, but families within 
population varied significantly (Kaya et al 2003).   
RELATIONSHIP OF WOOD DENSITY TO GROWTH RATE 
Usually, wood density decreases as growth rate increases; although the 
correlation is weak but statistically significant.  In general, increasing 
growth rate will result more wood production in spring; this wood trends 
to have a lower density.  However, the response depends on the species 
and the range of growth rate involved (Kennedy 1968; Haygreen and 
Bowyer 1989; Beaudoin et al. 1992; Blakemore et al. 2000).  The trees 
from shorter rotation have lower densities because the proportion of low-
density juvenile wood is higher (Zobel and Jett 1995). 
The decrease in wood density when growth rate increases appears to be 
true for Eucalyptus grandis (Brasil et al. 1979), and Leucaeca 
leucocephala (Ladrach 1984).  In Popolus, a slight decrease in wood 
density was reported with increase ring width (Mutibaric 1967). 
Faster growth may result in lower wood density for species of Abies, 
Picea, Cupressus and ring-and semi-ring-porous hardwoods, but it did 
not affect the wood density of several pines and hardwood (Koch 1967; 
Staris 1969; Ladrach 1971; Ollesen 1976; Haygreen and Bowyer 1989), 
this relation is true in Sitka spruce wood (Savill and Sandels 1983; 
Mitchell and Denne 1997).  On the other hand, Goggans (1961) in 
tropical pines, Kaeiser and Boyce (1964), Walters and Bruchmann 
(1965), Farmer and Wilcox (1966) in studies with cottonwood, Kellson 
and Zobel (1971) in green ash trees, Lee (1979) in black pine and DeGuth 
(1980) in tropical pines, found that no clear correlation of age or growth 
rate with wood density was evident.  
Paul (1963), Briscose et al. (1966) and Saucier and Ike (1971) found that 
specific gravity of wood increased with growth rate and wood of 
uniformly high specific gravity results when rapid diameter growth is 
maintained through the life of tree, but with the fast noticeable decrease 
in growth rate, wood specific gravity in the affected annual ring also 
decrease; resumption of rapid growth again results in production of high-
density wood. 
In Douglas-fir, the density growth relationship is variable; Abdel-Gader 
et al (1993) found that no relationship, Loo-Dinkins and Gonzalez (1991), 
Vargas-Hernandez et al. (1994) and Lausberg (1997) found negative 
relationship. This relationship may be specific to individual populations 
and there may be intra-specific genetic variation.  Hamann (1999) in 
study on utilization and management of red alder genetic resource found 
that growth rate can increase through breeding or silvicultural practices 
with a few negative effects on wood density within provenances and 
within family.  Zhang et al. (1996) found negative relationship between 
wood density and growth rate in 15-year-old half-sib family of black 
sprouce, and it is possible to select some family that not only fast, but 
also maintain high wood density. 
EFFECT OF SILVICULTURAL PRACTICES ON WOOD DENSITY  
Temperature, moisture, and fertility are three essential factors of the 
environment and habitat determining the growth performance of forest 
trees.  The productivity of forest land has been accepted by the forester 
largely as a gift of the local environment (Mari 1966).  Wood density can 
change by silvicultural practices (or management) practices such as 
adding nutrients and water by fertilization and irrigation which aimed to 
accelerate growth and can produce significant changes in wood properties 
(Williams and Hamilton 1961; Haygreen and Bowyer 1989; Sandercock 
et al. 1994).   
Increasing interest in artificial fertilization as a Silvicultural tool to 
increase forest productivity has awakened a parallel interest in the 
properties of wood product under fertilizer regimes (Erickson and 
Lambert 1958; Gooding and Smith 1971).  In order to assess the results of 
the silvicultural practices, a number of factors must be considered.  The 
objective of silvicultural treatment is to economically produce larger 
quantities of wood of good quality, but practices aimed at achieving one 
objective may have undesirable results with respect to others.  Details of 
the effects of fertilization and thinning upon wood quantities production 
and wood quality must be understood to determine the most desirable 
levels of combinations of treatment (Parker et al. 1976).   
Jozsa (1986) referred that limited research has been done on how 
fertilization, thinning and combined treatment affect the distribution 
pattern of density within trees.  Wood density decreased in the response 
to combination of thinning and fertilization (Bamber 1971).  Fertilization 
with irrigation resulted in reduced wood density (Ostrom 1971). In 
contrast, Posey's (1964) reported that fertilization and fertilization plus 
irrigation had no pronounced effect on specific gravity of Loblolly pine 
wood    
Many reports indicated a reduction in percent late wood, increase in 
earlywood and transition tracheid formation and reduction in specific 
gravity following moderate to heavy fertilization (Erickson and Lambert 
1958; Williams and Hamilton 1961; Zoble et al. 1961; Posey 1964; Pegg 
1966; Broerman 1970; Bamber 1971; Siddiqui et al. 1971; Parker et al. 
1976; Hillis and Brown 1984; Larson et al. 2001; Linder et al. 2002). 
Pritchett and Swinford (1961), and Gentle et al (1968), Saucier and Ike 
(1969), Ostrom (1971) and Jokela and Stearns-Smith (1993) revealed that 
summerwood and wood specific gravity are not adversely affected by site 
fertilization.  Tamm et al. (1960) indicated that these properties are not 
always altered by fertilization. 
The growth response due to irrigation is similar to that fertilization.  The 
response depends on the time of year in which water is applied.  Early-
season irrigation will favor height growth and overall crown 
development, which promotes springwood formation, whereas late-
season irrigation will prolong seasonal cambial activity, which promotes 
summerwood formation, so that the affect on wood specific gravity is 
usually negligible in southern pines (Larson et al. 2001).  Smith et al. 
(1972) reported that irrigation reduced the spiral angle along the length 
between branch whorls, but did nit affect the specific gravity of slash pine 
wood.   
Many Silvicultural practices improve growth rate and as a result, changes 
in wood properties occur.  There are lacks of specific information on 
these changes for eucalypts (Higgs and Rudman 1973). 
FIBERS 
Fibers are present in wood of hardwoods; they are long and narrow cells 
with a general resemblance to late wood tracheids but with closed ends 
may be pointed, forked or equipped with dentations.  They are oriented 
vertically in stem, paralled to its long axis and support stem (Tsoumis 
1969 and Mc Millin and Manwiller 1980).  They tend to be rounded in 
cross section as compared to the nearly rectangular shape of softwood 
tracheids (Haygreen and Bowyer 1989).  
The percentage of fibers in hardwood may reach 50 % or more of the 
total wood volume (Tsoumis 1969 and Mc Millin and Manwiller 1980).  
Their length varies between species; diameter ranges from about 0.01 to 
0.05 mm.  The wall may be thick or thin, and the lumina narrow or large 
(Tsoumis 1969). 
IMPORTANCE OF FIBERS  
From the stand point of hardwood utilization, fibers give strength to solid 
products and are the principal component of paper and other products 
derived from pulp (Mc Millin and Manwiller 1980). 
Fiber length has an effect upon a number of pulp and paper properties, 
including tear resistance and tensile, fold, and burst strength.  In most 
cases, long lengths are desirable (Haygreen and Bowyer 1989). 
 VARIATION OF FIBER CHARACTERISTICS 
Variability in wood and fiber properties is under genetic and 
environmental control.  The changes in wood microstructure differ within 
rings where present, within a tree and between trees (Sandercock et al. 
1994). 
There are no significant differences in a tree average fiber length that 
could be attributed to plot or to physiographic area in North Carolina 
(Taylor 1965).  In species such as Eucalyptus pauciflora and E. regnans, 
grown in cool temperature conditions, earlywood fibers are found to be 
shorter and thinner-walled than latewood fibers (Bisset and Dadswell 
1950).  Site has been found to affect fiber length in Eucalyptus grandis 
(Taylor 1969). 
There are a positive relationship between the fiber length decrease with 
height in tree and concomitant decrease in length and width of the 
fusiform initials in vascular cambium.  The change in fiber length 
resulted also from reduced elongation of fibers over the fusiform initials 
length toward the top of the tree (Ridoutt and Sands 1993).  In eucalypts, 
fiber length increases from pith to bark (Kennedy 1957; Hans et al. 
1972).  The rate of increase in fiber length is most rapid close to the pith 
(Bhat et al. 1990).    
The increasing in fiber length has been found to be less pronounced with 
height in the tree (Malan 1991). 
In contrast to tracheid length which was relatively unaffected by growth 
acceleration in conifers, the fiber length in sycamore and aspen was 
somewhat greater in thinned and irrigated trees than controls,  but the 
proportions of different cells types in aspen wood were unaffected 
(Saucier and Ike 1971 and Ostrom 1971). 
Fiber lumen and fiber width showed a gradual radial increase and had 
higher value at the second and fourth height position in Acacia 
auriculiformis.  Fiber length by fiber width ratio was greatest at the basal 
region and at 50 per cent height level (Anoop et al. 2004).  Differences in 
fiber properties between woods formed at different ages within one 
eucalypt tree can be greater than differences in mean values between 
provenances and between eucalypt species (McKimm and Ilic 1987).   
In loblolly pine, Dorman and Zobel (1973) found that there is wide tree-
to-tree variation for tracheid length and fiber angle.  Hamann (1999) that 
growth rate can be increase through breeding or silvicultural practices 
with a few negative effects on fiber quality within provenances and 
within family in red alder.   
Reports on the effects of the fertilization on wood and fiber properties are 
conflicting.  Fiber length and fibril angle of Douglas-fir have been 
observed to increase and diameter to decrease with a combination of 
thinning and fertilization, but fertilization alone has no significant effect 
(Higgs and Rudman 1973; Nelson et al. 1979), and it has been found that 
normal and high thinning intensities increased the growth rate and 
decreased fiber length compared to low thinning intensity in norway 
spruce (Tuula et al. 2004).      
Fertilization, thinning or irrigation in various combinations usually 
increase growth rate provided that one of the other factors involved 
(nutrient, growing space or moisture) is not limiting.  Single treatments 
were generally much less effective than combinations of fertilization with 
thinning or irrigation (Ostrom 1971). 
JUVENILE AND MATURE WOOD 
Juvenile wood has been called core, pith or crown-formed wood because 
it is formed inside the living crown; it is that portion of the wood which is 
closed to pith and extend from base to apex of tree.   Mature wood has 
been called stem-formed wood due to its formation outside of the living 
crown (Brunden 1964; Carlos 1987; and Joseph and Reeb 1989).  It is 
characterized by shorter fiber length, a greater microfiberil angle, and an 
increase in amount of summer wood (Joseph and Reeb 1989). 
Because of rapid growth and early harvest, a large amount of juvenile 
wood is formed in trees in tropical plantations.  This juvenile wood has a 
major effect on yield, quality, and value of wood (Zobel 1990).  
PROPERTIES  
Juvenile wood or core wood comprises the growth rings that are near 
pith.  It is characterized by shorter cells, larger microfibril angles and 
lower crystallinity and cellulose content.  It forms a central cylinder in 
tree.  It doesn't occur only in fast-growing trees, its formation is an age 
effect.  It is always present occupying the first growth tings (Tsoumis 
1969). 
The presence of juvenile wood, which is often characterized by lower 
density and higher longitudinal shrinkage, is responsible for much of the 
decrease in strength of young growth timber.  Much of the warp, crook 
and bow in lumber containing the pith or sawn close to the pith is caused 
by the presence of juvenile wood. Cross-grained cracking of lumber is 
often a sign of juvenile wood (Jourdain et al. 1999). 
In coniferous species, as reported by Ishengoma et al. (1995) in Pinus 
patula, Sinkove (1995) in Abies alba, juvenile wood often has shorter 
thinner tracheid, lowest specific gravity and lower tangential and 
volumetric shrinkage than mature wood; this is due to the wide rings with 
greater proportion of springwood that are formed in the early stage of 
development of trees.   
                    
   
 
 
 
 
 
 
 
 
 
  
 
 
CHAPTER Ш 
MATERIALS AND METHODS 
SEED COLLECTION  
Seeds were collected from thirty five mother trees of Eucalyptus 
camaldulensis selected randomly from two different locations. Twenty 
five trees were growing in a wood lot planted in 2001 near the Faculty of 
Forestry in Shambat and ten trees were growing in Kenana plantations 
and they were planted in 1994. 
Firstly, the fruits were collected from trees and air-dried in the 
Silviculture Laboratory, Faculty of Forest on the tables; each of fruits was 
dried separately from the others.  Then, seeds, which were released from 
fruits, were collected and separately kept in bags. 
EXPERIMENTAL DESIGN  
Seeds were planted in the nursery of the Faculty of Forest.  The 
experimental design used was split-split design with four replicates.  Each 
replicate was divided into two irrigation levels (once every three or six 
days) and each level of irrigation into two levels of the compound (NPK 
12:12:17) fertilization (zero or 4 g per seedling bag) according to Robert 
et al. (2004).  Each level of the fertilization treatment was contained 
seven seedlings representing each the thirty five families.  So the number 
of bags in each block was 1064 and the total number of bags in the 
experiment was 4256.      
 
 
SEEDS PLANTING  
On March28, 2004, seeds were planted in bags (polyethylene tubes) 10x20 
cm when flat. After filling with soil media (clay soil), the bags were 
stacked in blocks in Faculty of Forestry Nursery according to the above 
described experimental design.  Five to ten seeds were sown per bag and 
then were covered with thin soil and irrigated.  After three days, the seeds 
started germinating and it was completed on the 7th day. The experiment 
was irrigated regularly every two days for 60 days.  The thinning of 
seedlings was done within one month (30 days); one seedling was left in 
each bag, and the treatment of irrigation and fertilization was applied 
within 60 days; the same levels of fertilizer were applied again one month 
after the first addition, before that, the irrigation was every two days. 
SAMPLES AND SAMPLING  
After eleven month, one seedling from each family was randomly taken 
and two samples were cut at two heights (10 cm and 50 cm) to determine 
basic density and fiber characteristics.  The samples length for wood 
density measurements was 7.5 cm but their diameters were variable 
according to seedlings growth.  The samples for wood maceration were 
taken from the reminder parts of the samples for wood density 
measurements.  The samples were kept separately in plastic envelopes. 
WOOD DENSITY  
The wood density samples were immediately brought to the Wood 
Anatomy Laboratory to determine the green weight and green volume 
after removing the bark.  A four-decimal sensitive balance (****AAA 
160L model) was used to measure the green weight.  The green volume 
of the wood samples was determined using the water replacement 
method.  A 250-ml beaker was placed on a one-decimal sensitive balance 
(ACB 3000 model).  
After that the samples were put for 24 hours in the oven at 103ºC.  The 
samples were weighted, returned to oven again for 6 hours and then 
reweighed.  This was repeated until constant weights of the samples were 
obtained.  The data were recorded in tables and then entered in an 
electronic spread sheet (Microsoft Excel) to compute the wood moisture 
content and basic density using Equations 3.1 and 3.2, respectively, at the 
two heights and the means values.  
100×−= DWDWGWMC          (Eq. 3.1)         
Where: MC = moisture content (%) 
  GW = green weight (g) 
  DW = dry weight (g) 
 
100×=
GV
DWD       (Eq. 3.2) 
Where: D = basic density (g/cm3) 
  DW = dry weight (g) 
  GV = green volume (cm3) 
 
MACERATION METHOD   
To reveal fibers in their cellular structure, the dissociation method is 
needed.  Schulze's maceration method, which consists of the application 
of nitric acid (60%), was used.  The wood samples of seedling stems were 
kept separately in small envelopes.  Maceration speciments were prepared 
by cutting the samples into slivers (0.2×2 cm).  the speciments 
representing each seedling were put into a 15-ml test tube and then five 
milliliter of nitric acid were added to test them, and gently warmed for 5 
minutes in water bath; the warming was stopped as soon as the color of 
slivers convert to white; this indicate that maceration process were 
completely done.  
WASHING AND FILTERING  
The tubes containing the macerated wood material and remainder nitric 
acid, which was used in maceration process, were filled several times (3-
5) with distilled water in order to remove acid  traces.  With the last time 
of filling test tubes with water, the macerated materials were ready for the 
staining. 
STAINING AND SLIDES PREPARATION FOR MEASUREMENT 
The macerated wood material (fibers and fiber bundles) was taken out of 
the test tube and placed in watch glass containing some drops of 25% 
ethanol; sinking in ethanol makes the dyeing process easy by removing 
the absorbed water and fixing the dye in lignified fiber walls.  After 
leaving the material in ethanol for five minutes, it was transferred to 
another watch glass which contained few drops of safranine dye for 5 
minutes, and then the fibers were transferred to another watch glass 
containing distilled water to remove the superfluous dye from the fibers 
for few minutes.  Finally, some macerated and dyed fibers were taken and 
placed on the middle of the standard slide (2.5×7.5 cm) by means of a 
needle.  The fibers were distributed within a glycerin drop to prevent 
further drying, after placing the cover glass (22×30 mm) on it, during the 
measurement of fiber dimensions by means the light microscope. 
FIBER MICROSCOPIC MEASUREMENT 
A light microscope (Olympus CH20) with a 10x ocular lens was used to 
carry out the measurements.  Two objective lenses were used; a 10x lens 
for measuring fiber length and 40x lens for measuring fiber diameter and 
fiber lumen diameter.  The ocular lens was provided with scale divided 
into 100 equal parts each part was further divided into 10 smaller equal 
parts (Figure 3.1): 
Figure 3.1 Measuring scale in the ocular lens 
 
For each fiber, the length was measured firstly and then the objective lens 
was turned into the 40x to measure the diameter and lumen diameter.  
The obtained data were recoded in special tables, previously prepared for 
this purpose, and entered in an electronic spread sheet (Microsoft Excel) 
to compute the others variables of the fibers. 
MEASUREMENT CALIBRATION  
The fiber microscopic measurements were not real.  To make them real, 
the calibration of the scale was done using the caliber slide has scale 
which has a 1-mm long scale that is divided into 100 parts each one equal 
to 10 µm (Figure 3.2). 
For magnification ocular lens 10x and objective lens 10x, the conversion 
factor was 9.55 and it was calculated as follow: 100 units of scale are 
equal to 955 µm of the caliber so each unit is equal to 9.5 µm. 
For magnification ocular lens 10x and objective lens 40x, the conversion 
factor was 2.475 and it was calculated as follow: 100 units of scale is 
equal to 427.5 µm so each unit is equal to 2.475 µm. 
Figure 3.2: Calibration slide 
 Data obtained were used to calculate the double wall thickness (Equation 
3.3), slenderness ratio (Equation 3.4), Runkle ratio (Equation 3.5), 
coefficient of suppleness (Equation 3.6), volume of fiber (Equation 3.7) 
and number of fiber per cm3 (Equation 3.8): 
FLDFDDWT −=       (Eq. 3.3) 
Where:   
DWT = double wall thickness (µm) 
 FD = fiber diameter (µm) 
 FLD = fiber lumen diameter (µm) 
 
FD
FLSR =       (Eq. 3.4)  
      
Where:   
1 mm 
100 µm  
SR = slenderness ratio  
FL = fiber length (µm) 
 FD = fiber diameter (µm) 
 
 
 
FLD
DWTRR =       (Eq. 3.5) 
Where:   
RR = Runkle ratio  
DWT = double wall thickness (µm)  
 FLD = fiber lumen diameter (µm) 
 
FD
FLDCS =       (Eq. 3.6) 
Where:   
 CS = coefficient of suppleness 
FLD = fiber lumen diameter (µm) 
 FD = fiber diameter (µm) 
8
2)( FLFDVF ××=π      (Eq. 3.7) 
Where:    
VF = volume of fiber (µm3) 
 FD = fiber diameter (µm) 
 FL = fiber length (µm) 
π = 3.14 
VF
NF
1210=       (Eq. 3.8) 
Where:   
 NF = number of fiber (per cm3) 
1012 = volume the one cm3 (µm3) 
 FV = volume of fiber (µm3) 
PERMANENT SLIDES PREPARATION  
Maceration speciments were prepared by cutting these samples into 
slivers (0.2×2 cm).  The speciments representing each seedling were put 
into a 15-ml test tube and then five milliliter of 50% nitric acid were 
added to test them, and gently warmed for 5 minutes in water bath; the 
warming was stopped as soon as the color of slivers convert to white; this 
indicate that maceration process were completely done.  
WASHING AND FILTERING  
The tubes containing the macerated wood material and remainder nitric 
acid were filled several times (3-5) with distilled water in order to remove 
any traces of acid.  With the last time of filling test tubes with water, the 
macerated materials were ready for the staining. 
STAINING AND SLIDES PREPARATION FOR MEASUREMENT 
The macerated wood material (fibers and fiber bundles) was taken out of 
the test tube and placed in watch glass containing some drops of 25% 
ethanol; sinking in ethanol makes the dyeing process easy by removing 
the absorbed water and fixing the dye in lignified fiber walls.  After 
leaving the material in ethanol for five minutes, it was transferred to 
another watch glass which contained few drops of safranine dye for 5 
minutes, and then the fibers were transferred to another watch glass 
containing distilled water to remove the superfluous dye from the fibers 
for few minutes.  Finally, some macerated and dyed fibers were taken and 
placed on the middle of the standard slide (2.5×7.5 cm) and distributed by 
means of a needle and a drop of DPX was added on them and then cover 
glass (22×30 mm) was placed on it.  The slides were left to dry for 24 
hours on 60º C. 
Digital camera (Moticam 1000 1.3M pixel USB2.0) adapting to light 
microscope (Olympus CH20) was used to take images of fibers and saved 
in computer.  
STATISTICAL ANALYSIS 
To determine the effects of mother tree, fertilization and irrigation on 
wood density and fiber characteristics, analysis of variance (ANOVA)   
were conducted using SAS GLM procedure (SAS institute Inc 1990).                                  
  
 
 
 
 
 
 
 
 
         
CHAPTER IV 
RESULTS AND DISCUSSION 
Table 4.1: Wood density and fiber characteristics for Eucalyptus camaldulensis stem.  
Variable Minimum Mean Maximum Std dev CV % 
Density at 10 cm (g/cm3) 0.39 0.53 0.90 0.068 12.91 
Density ate 50 cm (g/cm3) 0.26 0.54 0.90 0.078 14.49 
Mean of density (g/cm3) 0.38 0.53 0.83 0.053 11.77 
Fiber length (µm) 
 422 616 805 74.845 12.13 
Fiber diameter (µm) 
 10.7 14.8 27.3 1.332 8.99 
Fiber lumen diameter (µm) 
 4.3 7.2 11.6 1.05 14.55 
Double wall thickness (µm) 
 3.3 7.6 20 1.13 14.94 
Runkle ratio 0.26 1.08 2.73 0.26 24.4 
Slenderness ratio 22.56 41.71 56.29 4.55 10.92 
Coefficient suppleness 0.26 0.48 0.77 0.05 11.61 
Volume of fiber (µm3) 
 24113 54102 215321 150004 27.73 
Number of fiber per cm3 4644226 19749640 41470098 5132478 25.98 
BASIC DENSITY 
The basic density of the stems individual seedlings showed great 
variation. It varied between 0.39 and o.90 g/cm3 at height 10 cm and 
between 0.26 and 0.90 g/cm3 at height 50 cm.  The mean density value of 
individual seedlings varied between 0.38 and 0.83 g/cm3 (Table 4.1).  
These results are in line with the findings of O'Sullivan (1976), who 
reported that each tree has its own characteristic wood density and with 
Zobel and McElwee (1958) and Zobel et al. (1960) who reported that 
differences in wood specific gravity were smaller among geographic 
locations than among individual trees. 
BASIC WOOD DENSITY AT HEIGHT 10 CM  
Table 4.2 shows the analysis of variance for the basic density at 10 cm 
height.  The effects of irrigation and its interaction with family were not 
significant.  The effects of fertilization was significant (p=0.05), this 
indicates that means basic density of seedlings differ between non-
fertilized and fertilized seedlings. The mean value of non-fertilized 
seedlings was 0.549 g/cm3 when fertilized was 0.526 g/cm3 (Fig 4.1). The 
interaction of fertilization with irrigation was significant (p=0.05).  This 
indicates that the difference between the wood density means of fertilized 
and non-fertilized seedlings was not the same in different irrigation 
regimes.   
The highest value of basic density among half-sib families was 0.62 
g/cm3 and the lowest one was 0.50 g/cm3 (Fig 4.2).  Significant 
differences were found between half-sib families (p=0.0002) and their 
interaction with fertilization (p=0.0101). This means that the ranking of 
families is not similar at the two levels of fertilization. Table 4.3 Shows 
that when no fertilization was used, the high ranking families were 26, 31 
and 13; when fertilization was used the high ranking ones were 1, 7 and 
33.  On the other hand, the lowest wood density values were associated 
with families 5, 33 and 30 when no fertilization was used and with 
families 17, 23 and 11 when fertilization was used. 
Results of the analysis of variance components (Table 4.2) indicate that 
fertilization, family, irrigation by fertilization and family by fertilization 
contributed 0 %, 1.18%, and 1.93% of the total variance, respectively.  
The heritability of basic density was 0.08 (Table 4.18).    
Table 4.2: An analysis of variance for basic density at 10 cm3 height of E. 
camalduensis half-sib families. 
Source Df 
F-
value Probability 
Variance 
component 
Variance 
component % 
Replication 3 1.08 0.4742   
Irrigation 1 4.45 0.1254 0.0001506 3.02 
Error a 3 4.45 0.0043 0.0001977 3.9 
Fertilization 1 5.73 0.0537 0 0 
Irrigation*Fertilization 1 5.8 0.0527 0.0001329 2.66 
Error b   6 0.96 0.4532 0 0 
Family 34 2.21 0.0002 0.0000963 1.93 
Family*Irrigation 34 1.02 0.4481 0.0000591 1.18 
Family*Fertilization 34 1.7 0.0101 0.0003962 7.94 
Family*Irrigation*Fertilization 34 0.9 0.6397 0 0 
Error 408   0.003959 79.31 
Total 559   0.0049918 100 
Fig 4.2: The mean basic density at ten centimeter of E. camalduensis half-sib families. 
0.45
0.47
0.49
0.51
0.53
0.55
0.57
0.59
0.61
0.63
1 2 3 4 5 6 7 8 91011121314151617181920212223242526272829303132333435
Half-sib faamilies 
B
as
ic
 d
en
si
ty
 g/
cm
3
 
 
 
Table 4.3: Comparison of basic density  between fertilized and non-fertilized half-sib 
families in basic density at height 10 cm. 
Density at 10 cm 
 Family code
Non-fertilized Fertilized
26 0.70 0.53 
31 0.58 0.57 
13 0.56 0.50 
20 0.56 0.52 
38 0.56 0.56 
15 0.55 0.51 
24 0.55 0.52 
25 0.55 0.53 
28 0.55 0.49 
1 0.54 0.58 
3 0.54 0.50 
16 0.54 0.49 
22 0.54 0.53 
23 0.54 0.48 
27 0.54 0.58 
35 0.54 0.55 
37 0.54 0.53 
2 0.53 0.51 
9 0.53 0.54 
14 0.53 0.52 
34 0.53 0.51 
10 0.52 0.51 
11 0.52 0.50 
18 0.52 0.51 
19 0.52 0.50 
32 0.52 0.52 
36 0.52 0.53 
4 0.51 0.57 
6 0.51 0.56 
17 0.51 0.48 
21 0.51 0.52 
29 0.51 0.49 
30 0.51 0.50 
33 0.51 0.58 
5 0.50 0.50 
Fig 4.2: Differences in basic density according to fertilization of E. camalduensis 
half-sib families. 
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BASIC WOOD DENSITY AT HEIGHT 50 CM 
Table 4.4 shows the analysis of variance for the wood basic density at 
height 50 cm.  The basic density was significantly different between half-
sib families (p=0.01). The highest mean value of basic density among 
half-sib families was 0.49 g/cm3 and the lowest one was 0.59 g/cm3 (Fig 
4.3).  Irrigation, fertilization, irrigation by fertilization, families by 
irrigation, half-sib families by fertilization and families by irrigation by 
fertilization had no significant effect on basic density.   Analysis of the 
variance components indicates that family contributed 6.15% of the total 
variance (Table 4.4) and the heritability of basic density was 0.25 (Table 
4.18).    
 
 
Table 4.4: An analysis of variance for basic density at 50 cm3 height of E. 
camalduensis half-sib families. 
Source df F- value Probability 
Variance 
component 
Variance 
component %
Replication 3 1.1 0.4688   
Irrigation 1 3.22 0.1707 0.0000962 1.39 
Error a 3 2.49 0.0601 0.0000943 1.36 
Fertilization 1 3.86 0.0969 0.0000654 0.94 
Irrigation*Fertilization 1 1.79 0.2292 0.0000233 0.34 
Error b 6 1.3 0.2568 0.0000473 0.68 
Family 34 1.70 0.01 0.000426 6.15 
Family*Irrigation 34 1.08 0.3548 0 0 
Family*Fertilization 34 0.83 0.7376 0 0 
Family*Irrigation*Fertilization 34 1.44 0.0561 0.0006207 8.96 
Error 408   0.0055544 80.18 
Total 559   0.0069276 100 
Fig 4.3: The mean values of half-sib families for basic density at fifty centimeter of E. 
camalduensis half-sib families. 
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MEAN WOOD BASIC DENSITY 
Their was a great in the arithmetic mean basic density; it varied between 
0.38  and 0.83 g/cm3 around an average 0.53 g/cm3 (Table 4.1).  The 
results of the analysis of variance for the arithmetic mean basic density 
for height 10 and 50 cm were given in Table 4.5.  The effects of irrigation 
and its interaction with family were not significant.  The effect 
fertilization was significant (p=0.04); the mean wood density of fertilized 
seedlings was lower/higher than non-fertilized seedlings. 
Significant differences were found among families for the mean basic 
density (p=0.0003).  The mean values of half-sib families ranged between 
0.50 and 0.59 g/cm3 (Fig 4.4).  Irrigation, irrigation by fertilization, 
family by irrigation, family by fertilization and family by irrigation by 
fertilization had no significant effect on mean of basic density. 
Results of the analysis of variance components (Table 4.2) indicate that 
family contributed 6.16% of the total variance.  The heritability of basic 
density was 0.25 (Table 4.18).    
Table 4.5: An analysis of variance for mean basic density of E. camalduensis half-sib 
families. 
Source 
df F-value Probability 
Variance 
component 
Variance 
component 
% 
Replication 3 1.04 0.4867   
Irrigation 1 3.78 0.147 0.0001151 2.67 
Error a 3 4.51 0.004 0.000165 3.83 
Fertilization 1 6.78 0.0404 0.0000417 0.97 
Irrigation*Fertilization 1 3.85 0.0973 0.0000807 1.87 
Error b 6 1.16 0.3269 0.0001579 3.66 
Family 34 2.15 0.0003 0.0002642 6.16 
Family*Irrigation 34 0.92 0.5949 0 0 
Family*Fertilization 34 1.04 0.4031 0.0000029 0.07 
Family*Irrigation*Fertilization 34 1.04 0.4132 0.0000327 0.76 
Error 408   0.0034529 80.06 
Total 559   0.0043131 100 
 
 
Fig 4.4: The mean values of basic density of E. camalduensis half-sib families. 
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These results agree with Haygreen and Bowyer (1989), Turner et al. 
(1983), Wright et al. (1992) and Zobel and Buijtenen (1989), who 
reported that wood density within species varies with genetic sources, and 
with Herpka (1990), who found that specific gravity varied significantly 
among families and clones within families. Significant genetic variations 
were reported by Malan (1988) in Eucalyptus grandis.  The results are 
also agree with the findings of Velling (1979), who reported that wood 
density differs significantly between progenies among both open-
pollinated and cross-pollinated families of Betula pendula.  Also, 
significant genetic variations were reported by Moura et al. (1998) in 
Pinus tecunumanii, Stranger et al (2002) in Pinus batula and Kaya et al. 
(2003) in Pinus nigra subsp. Pllasiana.  
The results of applying different irrigation regimes on basic density at 
height 10 cm, 50 cm and their mean are in line with Smith et al. (1972) 
findings, who did not find any affect of irrigation on wood specific 
gravity of slash pine wood.  
The above results of wood density are in agreement with  the findings of 
Erickson and Lambert (1958), Williams and Hamilton (1961), Zoble et 
al. (1961), Posey (1964), Pegg (1966), Broerman (1970), Bamber (1971), 
Siddiqui et al. (1971), Barker et al. (1976), Hillis and Brown (1984), 
Larson et al. (2001) and Linder et al. (2002), who reported reduction in 
specific gravity following moderate to heavy fertilization.  However, 
Tamm et al. (1960), Posey's (1964) and Smith (1993) reported that wood 
specific gravity is not altered by fertilization. 
In conclusion, it can be stated that, wood basic density of Eucalyptus 
camaldulensis is affected by genetic sources more than silvicultural 
practices.  This indicates that it is under strong genetic control at the 
family level and the heritability of this trait is expected to be high.  This 
confirms what was reported by Zobel and Talbert (1984) that wood 
density is strongly inherited.  
FIBER LENGTH 
Fiber length of the individual seedlings ranged between 422 µm and 805 
µm around an average of 616 µm (Table 4.1).  The mean values of half-
sib families ranged between 536 µm and 669 µm (Fig 4.5).  These results 
are not in agreement with Bhat et al. (1990), who observed no significant 
differences in fiber length between Eucalyptus grandis trees but in 
agreement with the findings of Dorman and Zobel (1973) that there is 
wide tree-to-tree variation in tracheid length in loblolly pine.  Table 4.6 
shows the results of analysis of variance for the fiber length.  High 
significant differences between half-sib families were found (p=0.0002), 
while its interaction with both irrigation and fertilization were not 
significant.  Results of the analysis of variance components (Table 4.6) 
show that half-sib family contributed 6.4% of the total variance an the 
heritability of fiber length was 0.26 (Table 4.18).  This variation in fiber 
length encourages breeding programs aiming at producing trees with long 
fibers required for pulp and paper industry. 
The differences between irrigation, fertilization and their interaction were 
not significant.  That means the nutrients and water had no effect on the 
differentiation activity of the fiber cells. The results of the application of 
fertilization and irrigation are not in line with the findings of Hamman 
(1990), who reported that silvicultural practices can have a few negative 
effects on fiber quality within provenances and within families in red 
elder. The results are also not in agreement with Saucier and Ike (1971) 
and Ostrom (1971), who revealed that fiber length was greater in irrigated 
trees than controls in sycamore and aspen.  But they agree with Higgs and 
Rudman (1973) and Nelson et al. (1979) who reported that fertilization 
has no significant effect on fiber length of Douglas-fir. 
Table 4.6: An analysis of variance for fiber length of E. camalduensis half-sib 
families. 
Source df 
F-
value probability 
Variance 
component 
Variance 
component % 
Replication 3 1.74 0.3308   
Irrigation 1 0.17 0.7053 0 0 
Error a 3 1.25 0.2925 0 0 
Fertilization 1 0.14 0.717 0 0 
Irrigation*Fertilization 1 1.3 0.2979 29.09 0.49 
Error b 6 1.96 0.0703 143.53 2.41 
Family 34 2.2 0.0002 380.94 6.4 
Family*Irrigation 34 0.78 0.8054 0 0 
Family*Fertilization 34 1.06 0.3788 166.54 2.8 
Family*Irrigation*Fertilization 34 0.81 0.7738 0 0 
Error 408   5236.05 87.91 
Total 559   5956.15 100 
 
Fig 4.5: The means of fiber length of E. camalduensis half-sib families. 
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FIBER DIAMETER 
A considerable variation in fiber diameter was found between individual 
seedlings; it varied between 10.67 and 27.28 µm around an overall 
average of 14.8 µm (Table 4.1).   With a coefficient of variation of 8.99 
%, it had the least variation among all variables (Table 4.1).  These 
results are not in line with Taylor's findings (1973) that fiber diameters 
were small and did not vary significantly between Eucalyptus grandis 
trees.  
Results of the analysis of variance for fiber diameter are given in Table 
4.7.  No significant differences were found for irrigation and its 
interaction with fertilization, fertilization and interaction of family with 
both irrigation and fertilization.  
Half-sib families had high significant effect on fiber diameter (p=0.0006).  
The contribution of the variation among half-sib family to of the total 
variance was 67.27 % (Table 4.7) where heritability was 0.29 (Table 
4.18).  The highest family mean value was 15.8 µm and the lowest was 
14 µm (Fig 4.6). 
Table 4.7: An analysis of variance for fiber diameter of E. camalduensis half-sib 
families. 
Source 
Df F-value Probability Variance component 
Variance 
component 
% 
Replication 3 9.92 0.0457   
Irrigation 1 1.49 0.3089 0.019 1.17 
Error a 3 4.47 0.0042 0.027 1.66 
Fertilization 1 1.56 0.2578 0.018 1.11 
Irrigation*Fertilization 1 0.39 0.5552 0 0 
Error b 6 3.03 0.0065 0.076 4.68 
Family 34 2.05 0.0006 0.118 7.27 
Family*Irrigation 34 0.97 0.5249 0 0 
Family*Fertilization 34 0.81 0.7728 0 0 
Family*Irrigation*Fertilization 34 1.15 0.2582 0.051 3.14 
Error 408   1.314 80.96 
Total 559   1.623 100 
Fig 4.6: The means of fiber diameter of E. camalduensis half-sib families. 
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FIBER LUMEN DIAMETER 
There was great variation in fiber lumen diameter between individual 
seedlings; it ranged between 4.3 and 11.63 micrometer around an average 
7.2 micrometer (Table 4.1).  The mean values of half-sib families ranged 
between 6.4 µm and 8 µm (Fig 4.7).  Results of analysis variance for fiber 
lumen diameter are given in Table 4.8.  Significant differences were 
found for half-sib family (p= 0.0001) and its interaction with fertilization 
(p=0.0136).  This means that the ranking of families is not similar at the 
two levels of fertilization.  
Table 4.9 Shows that when no fertilization was used, the high ranking 
families were 11, 25 and 28 when fertilization was used the high ranking 
ones were 17, 19 and 32.  On the other hand, the lowest wood density 
values were associated with families 9, 6 and 38 when no fertilization was 
used and with families 27, 6 and 38 when fertilization was used.  
Irrigation, fertilization and their interaction had no significant effects on 
fiber lumen diameter. 
Analysis of variance components (Table 4.8) shows that family 
contributed 6.21% and its interaction with fertilization contributed 6.21% 
of the total variance.  The heritability of the fiber lumen diameter was 
0.25 (Table 4.18). 
Table 4.8:  An analysis of variance for fiber lumen diameter of E. camalduensis half-
sib families. 
Table 4.8:  An analysis of 
variance for fiber lumen diameter 
of E. camalduensis half-sib 
families. 
Source 
df F-value Probability 
Variance 
component 
Variance 
component 
% 
Replication 3 0.01 0.9988   
Irrigation 1 0.33 0.6042 0.017 1.37 
Error a 3 3.55 0.0146 0 0 
Fertilization 1 0.06 0.8122 0 0 
Irrigation*Fertilization 1 0.03 0.9503 0 0 
Error b 6 7.59 0.0001 0.169 13.64 
Family 34 2.95 0.0001 0.077 6.21 
Family*Irrigation 34 0.89 0.6486 0 0 
Family*Fertilization 34 1.65 0.0136 0.077 6.21 
Family*Irrigation*Fertilization 34 0.97 0.5221 0 0 
Error 408   0.899 72.56 
Total 559   1.239 100 
Table 4.9: Differences of fiber lumen diameter between fertilized and non-fertilized 
half-sib families. 
Fiber lumen diameter 
  Family code Non-fertilized Fertilized
11 8.3 7.2 
25 8.2 7.8 
28 7.9 7.3 
32 7.7 7.9 
17 7.6 8.2 
37 7.6 7 
3 7.5 7.2 
21 7.5 7.3 
24 7.5 6.8 
18 7.4 7.8 
19 7.4 8 
23 7.4 7.6 
30 7.4 7.2 
35 7.4 7.5 
1 7.3 6.5 
29 7.2 7.4 
34 7.2 6.6 
4 7.1 7.6 
5 7 7 
10 7 7.5 
14 7 6.8 
16 7 7.8 
36 7 7.5 
2 6.9 7 
13 6.9 7.9 
20 6.9 6.6 
33 6.9 6.8 
22 6.8 7.2 
27 6.8 5.6 
38 6.8 6.5 
6 6.7 6 
9 6.6 7.7 
31 6.6 7 
15 6.2 7.9 
26 6.2 6.8 
Fig 4.7: The means of fiber lumen diameter of E. camaldulensis half-sib families. 
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DOUBLE WALL THICKNESS 
Table 4.10 shows the analysis of variance for double wall thickness.  
Although the variation in individual seedlings was great; it ranged 
between 19.98 and 3.34 micrometer around an average micrometer (Table 
4.1), slight differences were found between half-sib families (p=0.075).  
The highest mean value of half-sib families was 8.1 µm and the lowest 
one was 6.9 µm (Fig 4.8).  The contribution of family to the total variance 
was only 3.27% (Table 4.10) while the heritability was 0.13 (Table 4.18).  
No significant effects were found for interaction of family with both 
irrigation and fertilization.  Irrigation, fertilization and their interaction 
had no any effects on double wall thickness.  
 
 
 
 
Table 4.10: An analysis of variance for double wall thickness of E. camaldulesis half-
sib families. 
Source 
df F-value Probability 
Variance 
component 
Variance 
component 
% 
Replication 3 9.77 0.0467   
Irrigation 1 2.76 0.1951 0.045 3.88 
Error a 3 6.87 0.0002 0.033 2.84 
Fertilization 1 2.86 0.1416 0.032 2.76 
Irrigation*Fertilization 1 0.34 0.5832 0 0 
Error b 6 4.11 0.0005 0.074 6.37 
Family 34 1.39 0.0752 0.038 3.27 
Family*Irrigation 34 1.14 0.276 0 0 
Family*Fertilization 34 1 0.4673 0 0 
Family*Irrigation*Fertilization 34 1.47 0.0467 0.099 8.53 
Error 408   0.84 72.35 
Total 559   1.161 100 
Fig 4.8: The means of  double wall thickness of E. camaldulesis half-sib families. 
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Although the fiber of the Eucalypts is the shortest hardwood fiber one; an 
average length can be as low as 650 µm (http://aracruz.com 
.br/en/index.htm.), its low wall thickness is an important anatomical 
feature of hardwood fibers for paper making.  Thick-walled fibers which 
are common in denser Eucalypts don’t in general give strong paper (FAO 
1981).  
Eucalypt plantations are considered the highest provider of demand for 
wood fiber for industry (Pryor 1976).  This means it can be utilized the 
superior half-sib families in suitable end uses. 
RUNKLE RATIO 
Table 4.11 shows the analysis variance of Runkle ratio (ratio double wall 
thickness to fiber lumen diameter).  For individual seedlings, Runkle ratio 
varied greatly between 0.28 and 2.73 around an average 1.08 (Table 4.1).  
Differences among half-sib families were highly significant (p=0.0001); 
the highest values of Runkle ratio among half-sib families was 1.30 and 
the lowest one was 0.91 (Fig 4.9).  The interaction of half-sib families 
with fertilization was also significant (0.0322) indicating that the 
difference between the means of fertilized and non-fertilized families was 
not the same.   
Table 4.12 Shows that when no fertilization was used, the high ranking 
families were 26, 15 and 19; when fertilization was used the high ranking 
ones were 27, 6 and 1.  On the other hand, the lowest Runkle ratio values 
were associated with families 17, 28 and 11 when no fertilization was 
used and with families 17, 13 and 16 when fertilization was used. 
Runkle ratio measures the suitability of fiber for paper making.  Fibers 
with low values of Runkle ratio are more flexible than those with high 
ratio.  
No significant differences were found for interaction of half-sib families 
with irrigation.  Differences for irrigation, fertilization and interaction 
between them were not significant.  
The half-sib family contributed 4.69% and its interaction with 
fertilization contributed 2.95% of the total variance.  The heritability of 
Runkle ratio was 0.19 (Table 4.18).  
Table 4.11: An analysis of variance for Runkle ratio of E. camaldulesis half-sib 
families. 
Source 
Df F-value probability 
Variance 
component 
Variance 
component 
% 
Replication 3 4.45 0.126   
Irrigation 1 2.94 0.1851 0.0034 4.56 
Error a 3 5.04 0.0019 0 0 
Fertilization 1 0.57 0.4799 0.0008 1.07 
Irrigation*Fertilization 1 0.01 0.9174 0 0 
Error b 6 8.46 0.0001 0.0109 14.61 
Family 34 2.24 0.0001 0.0035 4.69 
Family*Irrigation 34 0.82 0.7603 0 0 
Family*Fertilization 34 1.53 0.0322 0.0022 2.95 
Family*Irrigation*Fertilization 34 1.18 0.2301 0.0023 3.08 
Error 408   0.0515 69.03 
Total 559   0.0746 100 
Fig 4.9: The means of Runkle ratio of E. camaldulesis half-sib families. 
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Table 4.12: Differences of Runkle ratio between fertilized and non-fertilized half-sib 
families. 
Runkle ratio Family code Non-fertilized Fertilized
26 1.36 1.11 
15 1.31 0.92 
19 1.24 0.91 
9 1.22 0.95 
27 1.21 1.37 
38 1.19 1.18 
4 1.18 1.07 
23 1.18 1.08 
6 1.15 1.29 
14 1.15 1.07 
22 1.14 0.98 
2 1.13 1.06 
16 1.13 0.91 
33 1.13 1.18 
13 1.12 0.88 
20 1.12 1.18 
31 1.11 1.06 
24 1.1 1.18 
29 1.09 1.06 
36 1.07 0.95 
37 1.07 1.13 
1 1.06 1.19 
35 1.06 1.07 
34 1.05 1.19 
3 1.04 1.08 
5 1.04 1.08 
18 1.04 0.96 
30 1.03 1.03 
10 1.02 1.01 
21 1.02 1.03 
32 1.01 0.98 
25 0.95 0.98 
11 0.9 1.05 
28 0.88 0.93 
17 0.87 0.87 
 SLENDERNESS RATIO 
The value of slenderness ratio for individual seedlings had great 
variation; it varied between 22.56 and 56.29 around an average 41.71 
(Table 4.1).  The results of the analysis of variance for slenderness ratio 
(the ratio of fiber length to fiber diameter) were given in Table 4.13.  The 
highest mean value of half-sib families was 44.08 and the lowest one was 
36.72 (Fig 4.10).  High significant differences were found for half-sib 
family (p=0.0013).   
The interaction of half-sib family with both irrigation and fertilization 
was not significant.  Irrigation, fertilization and interaction between them 
had no significant effects on slenderness ratio. 
Slenderness ratio it is a measure of the tear properties of pulp in paper 
production, when the it value is high that is better for paper making 
because the longest long is more preferred in processing of pulp and 
paper industry. 
Table 4.13 shows also the analysis of variance components, the half-sib 
family contributed by 3.99% of the total variance and the heritability of 
slenderness ratio was o.16 (Table 4.18). 
 
 
 
 
 
Table 4.13: An analysis of variance for slenderness ratio of E. camaldulesis half-sib 
families. 
Source 
Df F-value Probability 
Variance 
component 
Variance 
component 
% 
Replication 3 8.08 0.06   
Irrigation 1 0.93 0.405 0.0356 0.18 
Error a 3 1.47 0.2212 0 0 
Fertilization 1 0.42 0.5406 0 0 
Irrigation*Fertilization 1 0.69 0.4387 0 0 
Error b 6 1.68 0.1247 0.3517 1.74 
Family 34 1.97 0.0013 0.806 3.99 
Family*Irrigation 34 0.89 0.6545 0 0 
Family*Fertilization 34 1.38 0.0802 0.8426 4.17 
Family*Irrigation*Fertilization 34 1.01 0.4586 0.0374 0.19 
Error 408   18.1359 89.74 
Total 559   20.2092 100 
Fig 4.10: The means of slenderness ratio of E. camaldulesis half-sib families. 
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COEFFICIENT SUPPLENESS 
Table 4.14 shows the result of the analysis of variance for Coefficient 
suppleness.  The results indicate that individual seedling had the great 
variation in coefficient suppleness; it varied between 0.26 and 0.77 
around and average 0.48 (Table 4.1).  Half-sib family had high significant 
differences (p=0.0001).  The highest mean value of half-sib families was 
o.53 and the lowest one was 0.44 (Fig 4.11).  The interaction of half-sib 
families with fertilization were significant (p=0.0152), while its 
interaction with irrigation were not significant.  This means that the 
values of coefficient suppleness are different between non-fertilized and 
fertilized families.   
Table 4.15 Shows that when no fertilization was used, the high ranking 
families were 11, 28 and 18; when fertilization was used the high ranking 
ones were 17, 13 and 19.  On the other hand, the lowest wood density 
values were associated with families 26, 15 and 27 when no fertilization 
was used and with families 27, 6 and 38 when fertilization was used. 
Irrigation, fertilization and its interaction had no any significant effects.   
Coefficient suppleness (ratio of lumen diameter to diameter) is a measure 
of the strength properties of paper.  In contrast to Runkle ratio, when the 
coefficient suppleness is small that mean lumen is small and the double 
wall thickness is big and these properties do not prefer for paper making, 
and when this ratio is adverse, the fiber would be preferred for paper 
making.   
Analysis of variance components (Table 4.14) indicates that half-sib 
family contributes by 5.18% and its interaction with fertilization by 
3.66% of the total variance.  The heritability of the coefficient suppleness 
was 0.21 (Table 4.18).                
 
 
Table 4.14: An analysis of variance for coefficient suppleness of E. camaldulesis half-
sib families. 
Source 
Df F-value Probability 
Variance 
component 
Variance 
component 
% 
Replication 3 3.97 0.1435   
Irrigation 1 1.88 0.2641 0.00011 3.35 
Error a 3 6.09 0.0005 0 0 
Fertilization 1 0.75 0.4193 0.00004 1.22 
Irrigation*Fertilization 1 0.04 0.8512 0 0 
Error b 6 7.65 0.0001 0.00043 13.11 
Family 34 2.59 0.0001 0.00017 5.18 
Family*Irrigation 34 0.98 0.5112 0 0 
Family*Fertilization 34 1.64 0.0152 0.00012 3.66 
Family*Irrigation*Fertilization 34 1.21 0.1999 0.00012 3.66 
Error 408   0.00229 69.82 
Total 559   0.00328 100 
Fig 4.11: The means of coefficient suppleness of E. camaldulesis half-sib families. 
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Table 4.15: Differences of coefficient suppleness between fertilized and non-fertilized 
half-sib families. 
Coefficient suppleness Family code Non-fertilized Fertilized
11 0.54 0.48 
28 0.53 0.51 
18 0.52 0.49 
17 0.51 0.53 
25 0.51 0.50 
21 0.50 0.49 
30 0.50 0.49 
32 0.50 0.50 
1 0.49 0.46 
3 0.49 0.48 
5 0.49 0.49 
10 0.49 0.50 
24 0.49 0.47 
34 0.49 0.46 
35 0.49 0.48 
37 0.49 0.46 
29 0.48 0.49 
36 0.48 0.52 
2 0.47 0.48 
4 0.47 0.48 
13 0.47 0.53 
16 0.47 0.52 
19 0.47 0.53 
20 0.47 0.46 
22 0.47 0.50 
31 0.47 0.49 
33 0.47 0.47 
38 0.47 0.46 
6 0.46 0.43 
14 0.46 0.48 
23 0.46 0.49 
9 0.45 0.51 
27 0.45 0.42 
15 0.43 0.52 
26 0.42 0.47 
VOLUME OF FIBER 
A great variation was found among individual seedlings in volume of 
fiber, they varied between 24114 cubic micrometers and 215321 cubic 
micrometers around an average 54102 (Table 4.1).  The results of 
analysis of variance for volume of fiber were given in Table 4.16.  Half-
sib family had high significant differences (p=0.0001), the highest mean 
value was 69595 cubic µm3 and the lowest one was 45788 µm3 (Fig 4.12).   
The interaction of half-sib families with both irrigation and fertilization 
had no significant effects.  The differences for irrigation, fertilization and 
their interaction were not significant. 
Analysis of variance components (Table 4.16) shows that half-sib 
families contributed by 7.93% of the total variance and the heritability of 
the volume of fiber was 0.32 (Table 4.18). 
Table 4.16: An analysis of variance for volume of fiber of E. camaldulesis half-sib 
families. 
Source 
df F-value Probability
Variance 
component 
Variance 
component 
% 
Replication 3 7.61 0.0648   
Irrigation 1 1.26 0.3433 9758 0.01 
Error a 3 3.16 0.0246 2515696 1.18 
Fertilization 1 1.64 0.2478 1525696 0.71 
Irrigation*Fertilization 1 1.36 0.2873 1147745 0.54 
Error b 6 2.21 0.0413 6403886 2.99 
Family 34 2.24 0.0001 16965993 7.93 
Family*Irrigation 34 0.94 0.565 163118 0.08 
Family*Fertilization 34 0.77 0.8278 0 0 
Family*Irrigation*Fertilization 34 0.93 0.5765 0 0 
Error 408   185226750 86.57 
Total 559   213958642 100 
 
 
Fig 4.12: The means of volume of fiber of E. camaldulesis half-sib families. 
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NUMBER OF FIBER PER CM3 
There are a great variation in the number of fiber per cm3 among the 
individual seedlings, it ranged between 4644226 and 41470098 per cm3 
around an average 19749640 per cm3 (Table 4.1).  The results of analysis 
of variance for number of fiber per cm3 were given in Table 4.17.  Half-
sib family had high significant differences (p=0.0003), the mean values 
ranged between 16336724 and 23326194 (Fig 4.13).  
The interaction of half-sib families with both irrigation and fertilization 
had no significant effects.  Irrigation, fertilization and their interaction 
had no any effects.  The results of variance components indicates that 
half-sib families contributed 7.29% of the total variance (Table 4.17) and 
the heritability of number of fiber per cm3 was 0.29 (Table 4.18). 
Number of fiber per gram is high; this is a consequence of short fiber 
length and small diameter.  Common figures for Eucalypts are the range 
of 20 millions per gram (http://aracruz.com.br/en/index.htm.).   
Table 4.17: An analysis of variance for number of fiber per cm3 of E. camaldulesis 
half-sib families. 
Source 
df F value pr > F 
variance 
component 
variance 
component 
% 
Replication 3 7.6 0.0649   
Irrigation 1 0.82 0.4329 122706723252 0.49 
Error a 3 3.2 0.0234 0 0 
Fertilization 1 0.5 0.5065 33882024511 0.13 
Irrigation*Fertilization 1 0.39 0.5577 0 0 
errorb 6 3.37 0.003 1466625441619 5.83 
Family 34 2.13 0.0003 1834329396849 7.29 
Family*Irrigation 34 0.83 0.7359 0 0 
Family*Fertilization 34 0.88 0.6643 0 0 
Family*Irrigation*Fertilization 34 0.94 0.5758 0 0 
Error 408   21693171449519 86.25 
Total 559   25150715035750 100 
Fig 4.13: The means of number of fiber per cm3 of E. camaldulesis half-sib families. 
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Table 4.18: The heritability of different variables of E. camaldulesis half-sib families. 
Variables   Variance of families Total variance 
Heritability 
(h2) 
Density at 10 cm 0.0000963 0.0049918 0.08 
Density at 50 cm 0.000426 0.0069276 0.25 
Mean density 0.0002642 0.0043131 0.25 
Fiber length 380.94 5956.15 0.26 
Fiber diameter 0.118 1.623 0.29 
Fiber lumen diameter 0.077 1.239 0.25 
Double wall thickness 0.038 1.161 0.13 
Runkle ratio 0.0035 0.0746 0.19 
Slenderness ratio 0.806 20.2092 0.16 
Coefficient suppleness 0.00017 0.00328 0.21 
Volume of fiber 16965993 213958642 0.32 
Number of fiber per cm3 1834329396849 25150715035750 0.29 
 
From Table 4.18 it found that basic density at ten centimeter has lowest 
value of heritability and the volume of fiber has the highest one.  Basic 
density at ten centimeter has the lowest value because it had affect by 
silvicultural practice more than others.     
The results can be summarized by the followings: 
Wood basic density at ten, fifty and arithmetic mean of them were 
affected by half-sib family, the differences were highly significant.  This 
means that this trait (basic density) is under strong genetic control.  In 
breeding programs it can be useful to choose superior half-sib families for 
certain end uses.    
While it did not affect by silvicultural practice (fertilization and 
irrigation) except that it affect by fertilization and interaction of 
fertilization with irrigation at ten centimeter.  The differences were 
significant.  This indicates that it can be controlled basic density by 
adding fertilization and water to plantations to produce preferred raw 
materials for different industries if this is proven for mature trees. 
There were significant differences in basic density at ten centimeter for 
interaction of half-sib families with fertilization while were not 
significant for fifty centimeter and arithmetic mean of them.  This 
indicates that half-sib families differ in expressing of its potential genetics 
by difference the level of fertilization; this can be helpful in improvement 
programs to improve half-sib families in direction which serve end uses. 
The fiber characteristics were affected by half-sib families except the 
double wall thickness; the differences were not significant.  Fiber length 
had high significant effects.  This seem to be right for fiber diameter and 
fiber lumen diameter, so these traits can be considered under genetic 
control and can be utilized in breeding programs to improve these traits to 
produce wood preferring for certain purposes.   
Interaction half-sib families with fertilization had high significant 
differences; this indicates that half-sib families differ among them when 
fertilized or not.  While the interaction half-sib families with irrigation 
were not significant for other variables. 
The calculated coefficient for fiber dimensions (Runkle ratio, slenderness 
ratio and coefficient suppleness) were affected by half-sib families; 
differences were highly significant.  While the effect of irrigation with 
fertilization were not significant.  The interaction of half-sib families with 
fertilization were significant for both Runkle ratio and coefficient 
suppleness but were not for slenderness ratio.  Half-sib families differ in 
among them if they are fertilized or not.  These coefficients are important 
indicators for suitability the fibers for pulp and paper making.     
The volume of the fiber is directly affected by the dimensions of the fiber.  
Half-sib families had high significant effects on it, while the interaction it 
with both fertilization and irrigation were not significant.   This means 
that the differences in volume of fiber are controlled by genes and can be 
improved by breeding programs.  The fertilization, irrigation and 
interaction between them had no significant differences. 
Half-sib families were high significant effects on the number of fiber per 
cm3 while there are no significant differences for interaction of the half-
sib families with both fertilization and irrigation on it.  The differences of 
the number of fiber per cm 3 for fertilization, irrigation and interaction 
between them were not significant.  This trait is adversely affect by the 
previous trait (volume of the fiber) and can be improved genetically in 
breeding programs.   
The percentage of fibers in hardwood may reach 50 % or more of the 
total wood volume (Tsoumis 1969 and MC Millin and Manwiller 1980), 
so it is very important trait to determine the suitability the wood for 
different uses. 
 
 
 
 
 
 
 
 
 
 
 CHAPTER V 
CONCLUSION AND RECOMMENDATIONS 
CONCLUSIONS  
The conclusions from this study can be summarized as follows: 
Genetics had the strong effect on the most variables except the double 
wall thickness. 
Fertilization did not has any significant effect on the most variables 
except the basic density at ten centimeter.   
Irrigation did not has any significant effect on the all variables. 
There was significant effect of the interaction of the half-sib families with 
fertilization on basic density at ten centimeter, fiber lumen diameter, 
Runkle ratio and coefficient suppleness. 
There was significant effect of the interaction of fertilization with 
irrigation on basic density at ten centimeter. 
Studied traits are under strong control, this may be usefull in breeding 
programs to produce suitable wood for end uses. 
Silvicultural practices are not effective in the nursery stage, this may be 
resulted hence that seedlings growth rapidly and did not affect by them. 
 
 
 RECOMMENDATION 
It be recommended: 
- to use the results of genetic effect in breeding programs and select the 
half-sib families that are suitable for certain end uses. 
- there are no benefits to use fertilization and irrigation regimes in the 
nursery stage. 
- to apply the different level and kinds of fertilization and irrigation 
regimes. 
- to use other kinds of soil and make the experiment in the field.   
- more research to study these traits on the mature tree and compare them 
with the nursery stage. 
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